Time course and mechanisms of contractile dysfunction during acute myocardial ischemia.
The purpose of the study was to characterize the functional and metabolic adjustments of a myocardial region subjected to low-flow ischemia. In addition, studies tested whether such myocardium retains an inotropic reserve. Anesthetized swine were studied in which the left anterior descending coronary artery was cannulated and perfused at a constant low level causing regional contractile dysfunction (sonomicrometry for wall thickness) and the appearance of metabolic indicators of ischemia (decrease in creatine phosphate and lactate production) with only slight loss of ATP and glycogen (transmural biopsies). After 85 minutes of low-flow ischemia, dobutamine was infused into the hypoperfused artery as an inotropic challenge. Coronary hypoperfusion for 5 minutes resulted in a 54% reduction of regional systolic wall thickening, reversal of lactate consumption to lactate production, and a significant decrease in creatine phosphate. Subendocardial blood flow was reduced from 0.62 +/- 0.11 (+/- SD) to 0.16 +/- 0.07 mL.min-1.g-1. Prolonged hypoperfusion for 85 minutes resulted in no further change in regional blood flow but a partial recovery of metabolic parameters. Dobutamine infusion after 85 minutes of hypoperfusion increased regional myocardial work. However, again lactate production was significantly increase and creatine phosphate was decreased. Regional coronary hypoperfusion produces a downregulation of regional contractile function in proportion to the blood flow decrease. With prolonged hypoperfusion, after the initial adjustment phase, there is little further change in function, and metabolic markers of ischemia improve. Although the ischemic downregulated myocardium retains a significant inotropic reserve, primarily anaerobic energy production is utilized. These data are consistent with downregulation being a protective mechanism for the ischemic myocardium to restore an energy supply-demand balance in the face of reduced blood flow. Inotropic stimulation of the downregulated myocardium enhances regional function but at the cost of worsening its metabolic status. Thus, inotropic stimulation of the hypoperfused and downregulated myocardium is probably detrimental to long-term viability.